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(57)Abstract 

PROBLEM TO BE SOLVED: To form a photoelectric conversion 
device comprising crystalline silicon photoelectric conversion units 
using only a low-temperature plasma CVD process, wherein a 
low-cost substrate can be used, and to realize reconciling reduction 
in the cost of the device with increase in the performance of the 
device. 

SOLUTION: A tandem type silicon thin-film photoelectric conversion 
device is constituted into a structure, wherein a rear electrode 1 0, 
first and second photoelectric conversion units 11 and 12 and a 
front surface transparent electrode 2 are laminated in this order of 
the electrode 10, the units 1 1 and 12 and the electrode 2 on a 
substrate 1 having the insulating surface, each of the units 1 1 and 
12 comprises first conductivity type layers 111 and 121, 
photoelectric conversion layers 112 and 122 and second 
conductivity type layers 1 1 3 and 1 23, which are semiconductor 
layers deposited in this order by a plasma CVD method at a base 
temperature of lower than 300° C, the layer 1 1 2 in a first unit 
consists of a crystalline material-containing silicon thin film, the 
layer 122 in a second unit consists of an amorphous silicon 
germanium thin film, and the upper surface 1 B of the unit 1 1 has a 
texture structure comprising microscopic irregularities. 
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mto. 0 9^o/c, 

[0 04 3112^^1 2(C**n4^>F-^<D 
*a»^ V 3>yjW^^A*S^l 122«220 
TJ<DT*ftiBfiM>~Fr RF77XvCVDa^J:o T*t!S 
*©JWfcU 8 0nmfc3ftfc. C<D#S»#* 
^ftBl 2 2Cctec^T. 2$^>Ii»Watc<);ot 
htltcVfo 7i ^ AMltt^Ol^ftO?^ 2 
O/SW'e&'K JK^H'OF^v^Eo.t ttl. 6 

0 eV^ot 

[0044] cct, mi<D±mm;<mcto^x. 
mm 1 <z>±affi«iHfl«BK:ftix3nr*6r, mmm 
siocD±a®iA^, ma&wih>s:&t*mffi?9x* 

C(Dcfc 9 ^clll@ 1 0 o^«tt±ffi 1 A ^Tfiki 

si^^n ^*S3n€>^, ^a^m^^Ji 1 

^G^CDr, »2 Jt.^.^ h 1 \ <D±Wl B&dmtewa 

1 l<0±ffi<DDflO^^X^+«®*affill3W-T»J3eL/ 
/ciC^, caWOHIPBOilS^a^O. 2 2-0. 5 mdq 

^c 0 
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[004 5] C<D£ 3 >tj:mHtiHUC£&2Bt*^* : *& 
*P»«fiCCA«*4<tbrAMl. 5 CO** 1 6 0 mW 

/cm 2 (DytmvmmLtct&omfimkicio^xte. 
nmmKtfii. 29v, tmm%L®m&i3. 3mA 

/cm 2 % I8HW7 2. 0%, *LT3B«»***1 

2. 3%r^o/c 0 a yt. c©*tfc«i©*BWiMcto 

or, BCAI*je4t5 5 0*IBIlWLfca«:fc»*S 
5E{k«©*B«ft*W 10. 7 %r * fc. 

[0046] atmmi) mi (ornmm i^mmox, 

1 1 i/cfWStifc. cotBRW l ©*»«»«:*jc»r 
r#a»s/i; a abuses *noc# 

^■T6^:^<Z)/^>^ ; &<h^/c^CC^2^^^ h2 
2 CCS* 2 2 2©»3#1 60nm^ 
E3*VCl>&C £©#{CtoO"Cj|J60!I 1 iSftotC^ 
£ 0 "Tttto*. ^©ffiKD/12 0 1-2 0 3, 2 1 1. 2 

1 3, 2 2 1, 22 3«, I (CtoW*B 1 0 1 - 20 
103, 111, 113, 121, 1 2 3CC**l-e f ft# 

[0047 ] C©lt»ffS 1©*1^-;F21 K^£;ft 
^y>K-7*CD^SS^ i ;3>y;l/vr.^AB2 1 2tt 

2 2 O'COTafeSSOT-CRF ^7X7CVDffi{CJ:o 
T*iS3ft> -e<DK/S«2 0 0nmCc3nyto COtIcI 
^H2 1 2CCtoor, 2^* or 

5eVt*o)fc. 30 
[0 04 8 ] CO<fc5ttlt««l K<££2|g*><rA§S 
*HSteA^4iUtAMl. 5©Ml0 0mW 
/cm 2 ©*Br«8«Lfci*oaA«FttK:*5C*rtt fc 
HAMBBEE^l. 4 2 V, JStft«ffl&ffi#S9. 8 2mA 
/cm 2 , iBH^6 8. 4%, ^lt»W 
9. 5%t$)o/c 0 £/c, C©Jtt!»«l©*BB»CCte 
or, Hi;A«3fc4*5 5 0I^IHJH«L3ltaK:teWS« 

[0049] &L±<Dmmm 1 1 Jt«w 1 * <£ 5 

CC. ifc«09 1 U^^h21 ©fijfcBKtotf*:* 40 

gyi2 1 2*/Boto5a*. **iK:fe^t>6-riissw 
1 &c *jw * Hr> n >7fcn^gyi 1 1 2 ©gas* 

> r AS^BWfeK: to W & S»«SSfflBM>ffiK:*; * feU 

[0050] a&&ffl2) mi (omrnm 1 tm2<Ditm. 50 
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mi ttcmuox, 03{c^£nro£<fc^&2©#> 
«2o*BBffi{ctoor«, Sili3 occ^an^A 

Iffill3 0(D±ffi3A, b3 l(D±ffi3 

B, tocfcO'mi^-2.^ * h 3 2<D±ffi*W!i£iffi*^;** 
^«JS*WurciSc<fc©*tctoc>rltKWi iSfto 

ro£ 0 "T&fcft, -ecDffeCDJ13 0 1, 3 0 3, 3 1 1 
-3 13, 3 2 1-3 2 3tt, fttKM 1 (CtoWSB2 0 

1. 20 3. 2 1 1-2 1 3, 2 2 1 -2 2 3CC-en-e 

[0 0 5 1 ] c©J:5ttltt!IOT2©*B*»«:to^r» 
Wmm3 OC7)±ffi3 ACCtoW4D0eiJKtt*«ffitft3itt? 
»L/ciC6, caffl©IHB©a4«*«0. 24-0. 
3 5 MmOfiHWK^MSU *©¥J*BBtt0. 28 u 

3A±fcm«Sftfc»l^-* h3 10±i3B<hf2 

^•>h3 2©±n*>«aHciHiia«tt*»L/ri>*:. 

[0 0 5 2 ] CO*5itttmm2tC<t:&28tZ>f : /*&. 
*B«fttcAS**4 tUAMl. 5 lOOmW 
/cm 2 <D^MrM*fb/c<b#CDffi^^^:tol^r«, 
MtHMEEatfl. 3 7 V. }S*&«ifcffig# 1 2 . 6 mA 
/cm 2 , AttH?4S8 9. 8%, *urW«WW*l 

2. 18%-Cfeofc 0 g/t. C(Di:bfj?F02CD*:^mrfeCC 
toor, Hi;A«*4*5 50WFn«8«bfc««:toW4 

[0 05 3] Jfc««2 (CtolvTBt JtRffl 1 <t«f|fco 

U 3 >36«^ftB 1 1 2 £S*f9l Ur.^ H UH 
MSV 'J 3> A3E1^I13 1 2Z^;t*m 

1^-^31 CCtoW«*3&«»6n436B»3Wfil»Wti 

** 2 «* >r ASbfcBmtte^fto^i Lr fcgifrftr 
o*fc©T?**. brt>U it»W2Cctoorfc, ^teO 

i tmrntcm u-^3i oxftiKomwc* 

[0 05 4] (38*«2) H10*»«l &H3©Jt« 
^2^cS{KLr, @4^^ntl^<J: ; )^2^>f 
Affl*B«»*j||||«2iUrfHHSn5fc. ccD^ifeWl 
2CD*B»?6CCtoC*r«, I:b©WI2CDJS^<t|5j«CCSffi 
^S4 0CcS£*i£AgrJ^4 0 2 ^S^CDaOSffi^^ 

SkMl iHDBJfijfefrOTTfWStifc. ■«■&*) ft, H 
SfiW2<DB4 0 l-4 0 3«tfc«W2(D»3 0 1-3 0 

mM2<DM4 1 1-4 1 3, 4 2 1-42 3«^StWl 
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(DM 111-113, 121-123 CC^ft^ft*fj£T 

[0 0 5 5 ] COlSJfi«l2(DSffi«ffi4 0<D±ffi4ACC 
*W4IHi2i^4*limS»f-rWSELfciC%, JtlMW 
2 0J®£<h|!3*tfc:, DflgporaPiCDja^ifc^O. 2 4- 
0. 3 5 /xmOttHrtteJMSU *©¥ftlHHtt 0 . 2 
8ymn>^/c 0 0*>>U 9U-?h4 1©J:I4B 

CDHBKOa^a^O. 0 5—0. 3 5 um<D®m^^ 10 

4 1 2^T«fti«!4SCc^/c&IiaQ^W^X^^«ig 
$l^>) F4 l<E>±ffi4 B&C:fol>TWaffi«ffi4 0CD 

±ffl 4 AKLjotf zwajtmtcm&xg>m&ftmgmm 4 

h4 lO±M4B( f ctol>XtemMrm£i<D'VJX<Dft1$ 

*»«2(c*jc^rtt, **«i^ib*S«2ccJt^ 20 
r 3 &«c*H ca«>»**i«i±S *a c <b #r # 
[0 0 5 6] C(Di:^^ll»S2^<J:^2©^>f r AS 
*»«ftKAI**4iLTAMl. 5 0*^lOOmW 
/cm 2 ©3lfflrlH«Uyfc«b*©ffl*1*tt«cteC*T«, 
HttftftBEtfl. 2 6 V, SKSMEKAaVl 4. 0mA 

/cm 2 . ft^a^7 3. 1%, ^Lxmmm^i 

3. 0%r^>^/c o £/c, c©HS6ffl2©*i»«a«:*5 
1>T, BIi;A«*4*5 5 0^IHHIBWL/fea«:*$W4S 

few 2 mmm 1 <£ o «>m>#Hi 30 

[0 0 5 7 ] (36(ll«3) Hl©l8»WlK:J:4 2a* 
1 2 £iiuE1I@2£<DRaCC, 3 6fc*3<D**9«:i- 

* h i 3**j«snT^*ci©*«:*$i»r3aii«i<D 

*»®6i^otl^ 0 C<D»3*«E»^-f H 
3CC**tiSnSSH 1 3 1 ipSJBl 3 3«, *-*l-eft 40 
llfci^cMETO^yhll, 1 
inSMlll, 1 2 lto«fctf pSUB1 1 3, 1 2 3 <h 
0«Ccjfcifc3hfc. L*>U fli 3 h 1 3 

tcd$*iS*«^5S» 1 3 2 t Ittt, 2 0 0°C(DT«6 
iWOTtRF^XvCVDffi(Ci-5t^>F-^© 

';3>ii32 #*at3 n, t<omm\t 9 0 n 

m&c3ftfco 

[0 0 5 8 ] CCDcfc^&HSfeWSCCcfcSSS^^^AS 

/cm 2 (D^mxmmutct^tDmti^m^^x^ 50 
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Htt«S£E^2. 2 2V, iMmiCW8. 8 1mA 
/cm 2 . ffliSW7 2. 6%, *Lt»W»*l 

3. 7%x&^tc 0 ztc. commmz<Dikmmmtte 

OT, HDA«*4S:5 5 0l«IHJ«WUfc««:*$WS« 
5E<b«<D^W»*ttl 3. 0%T£>o/c 0 
[0 059] (Jt««3) H2©J«K«1CCJ:S2S* 

ft 3 >f s Aasbfc»«»3WJt««3 <b urfiassft 

fc. C©Jt«W3<D*»Wfctt, »2*W»«?rh 

2 2 <hHrfffi^ffi2 <t<D!fflte % »3©*flKJft^ * h 2 

cotb*8W3«:*j^4»3* 
^&:x.=.? H 2 8(,C^£ti2>m2 3 1-233^ # 
m is U =i >3fem^a 2 3 2 <DJI3 *s 8 0 n m (c 3 ft 
fcCi*»tftf, ^5 0^ifct?ij3<Z>Ji 1 3 1 - 1 3 3 K 

[0 06 0] COiSftJt^SfccfcSSSdr^Affl 
*»«rfeti:A*fefc4 i Ur AM 1 . 5 <D%* lOOmW 
/cm 2 (D^XMMbtcttOmXttlilC&^Xte. 
Mfi»B«EE**2. 3 6V, 9@KS%ejK^6. 4 8mA 
/cm 2 , i«BW7 0. 5%, ^bt^Wl 
0. 8%X$>^tc a £/c, C©tb«S»!l3©*»«r6«:fe 
^T, HIi;A«*4*5 5 0ftlHJW«b)fcaK:*JW4* 
3E{ba<DK8«»*tt9. 3%T'&ofc 0 

[0 06 1] (JHKM4) H30UttlM2tcJ:5 2£t« 

y^^mM^mcmuLx, H7cc^stir^*j:^ 

^3S^>f J AM±Pim^J:b$5Wl4 £ LTfBRStt 
fc. C©Jt«« 4 *2jWSft^^ 

3 2 <fc«tfffi«ffi2 <t<DPa^c, HI 3 <03C«Kft^^ * F 3 
3^3 6CC^3tiri^Ci<D^CCfc^r03(DJ:b® 
W2CcJ:4*»«fti*tt"3r^*. cotbtSflKtefc 
W«»3*«ejftAr.5P h 3 3K^£ft£J13 3 1-3 

3 3**, H6©tbB!t«3&c*5WS»2 3 1 -2 3 3*c* 

[0 06 2 ] CCDJ:^^J:bl^4^i:^>3K^>T r A^ 
±P§mtifeCCAS*^4<hUTAM 1 . 5O^10 0mW 
/cm 2 ©jttr«^lfci*0(H*«ftt«CfcUttt t 
BBi»4BWE3W2. 3 2 V, JSttSaHf 8 . 2 9mA 
/cm 2 , «BH^#7 1. 7%, *UTSE«8tt*&s 1 

3. 8%x$>-otc 0 &tc* ccomm4(D±mmimci6 

c^r, Hi;A«*4*5 5 0i*IBJtBWUfca«:*5W** 

5e{b»©*g«a*« 1 1 . 8%r^>^/c 0 

[0 06 3 ] (H»tW4) ^4CD»£Wl2fc:J:&2g;* 

a 3 a* >f j Asa*»««3Wiifc«4 1 or fats n 

4 2iH?ffi«ffi2<fc©pacc, ms&ytwg&k^-y F4 

3^3 6^0^3nrC^CiCD^CC4o(,^r^4CD||Sg 
W2CC<fcS*»Wfeia&orc^S. CO^MWl4CC4d 
l*S*33MX*:xr.? h4 3^^^n^>/14 3 1-4 
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3 3tt H5©«ft«3(C*y^4IBl 3 1-1 3 3CC* * 

[0064] C<DJ: ; 5^J5fe^l4tCi:^)3©^>'rAM 
*»^teAS**4£LTAMl. 5 0D*£lOOmW 
/cm 2 <D3(MriHS*Lyti*oa*»tttct5lir», 
HSW»WE* J 2. 18V, «K«*eflBV9. 2 6mA 
/cm 2 > IIHW7 3. 3%. ^lt»?^l 
4. 8%T#>ofc 0 *yt, C(DHJfiW4©*l»«a«:*j 
t>T, HDAIt*4*5 5 0l»IBIWWLfc««:*i»&5K 
Sffcf&DSEIIKWtt 13. 6%t*ofc io 

[006 5] 

[»»©»«] fit±©<fc5K: k #fKmtcfcfttf, *£JISf 

M^i©fi^^ hftij«iawfca>Pii[«:jBrr 

[iam<o«#«c»?B] 20 
[0i ] *»?B(osiiswHcj:a2Sd?>'7 s Aa}^ , ;=i 

[0 2 ] jt«Wi ^urcD2g:^>f r AM^ i ;n>^Sl 

[S3] i:b©^ 2 £ L T<D 2 © £ >fAlt/ V 3 >^f» 
[04] ^BJ3©*teWl2CC^5 2S^>7 s AS^U=3 
[0 5] *j^cc)Saeiff|3CCJ:*3a*>^AS^yri 

[06] tfc^siur^ss^v^ASt^yn^fs 

[0 7] l:t^4<!:lt(D3g^>fAM>' , j3>SI* 
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[08] *:^©JIJ66?i|4CC<fcS3ia^>7 r A^> i ;=J 
1 : 

2 : i Tom<ommmmmm 

3 : Agwoimmmm 

4 : AW* 



10,20 
11,21 
12,22 
13,23 
10 1, 
1 0 2, 
3 0 2, 
18 

1 0 3, 
111, 



30, 40: mmmm 
31,41 : mumta**-* h 

3 2, 42:»2*^»^-9h 
3 3, 4 3 :»3*«ail^-9 h 
2 0 1, 30 1, 40 1 :TiI 
2 02 :Tffl«C«ffl*Wr-6AgK 
402 :fflfl*Hf'*;**i'«jS*# , r*Ag 



2 0 3 
1 2 1 



3 2 1. 



, 3 0 3, 40 3: »lH»tt1$K{bK 
, 131, 211, 221, 231, 3 
331, 411, 421, 431 : ni 
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112, 4 12 

122, 212, 222, 312, 322, 422 
> F — ymmmts y n > A^m^SsB 
1 3 2, 2 3 2, 3 3 2, 4 3 2 : -/ > F 

113, 123, 133, 213, 223, 233, 3 
13, 323, 333, 413, 423, 43 3:pl 
JS 

IA, 2 A, 3 A, 4A:aifffi^±ti 

IB, 2B, 3B, 4B :miDtW8&&*~v b<D±M 
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